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AIRFRAME DESIGN AND INTEGRATION 



♦ Integrated Design Tools and Methods 
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AIRFRAME DESIGN AND INTEGRATION: Major Areas 
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TRADE STUDIES: GENERAL APPROACH 
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♦ John T. Dorsey Airframe Integration & Concepts, Vehicle Loads, 
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TRADE STUDY TEAM 



♦ Tank Packaging and Geometry 
• Packaaina confiaurations 




TRADE STUDIES FOR NRA 8-21: MAJOR CATEGORIES 




PACKAGING CONFIGURATIONS 





Material Specifications • Load Cases 

- Quasi-isotropic PMC laminates - Launch (1 .355 g’s) 

- Limit strain 6000 pin./in. - Max acceleration (3 g’s) 

- Minimum qaae 



— LOX-aft: reduced LH2 ullage pressure for tank stabilization changes engine 
operating requirements 

— External payload and aerodynamics Airframe/TPS 

CONFIGURATION SIZING 
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TANK GEOMETRY TRADE STUDIES 



Axial Tension Webs Frames & Ties Orthogrid & Ties 



TANK STIFFENING CONCEPTS CONSIDERED 









Corner radius = 0.635 m 
Pressure = 137.9 KPa 
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TANK STIFFENING WEIGHTS COMPARISON 
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SEMI-CONFORMAL SANDWICH TANK SYSTEM: FEM FOR SIZING 

(In Progress) 
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TPS TRADE STUDY CONCEPTS 











3.500 






REPRESENTATIVE STRUCTURAL CONCEPTS 






Hierarchy of sizing methods are needed to support trade studies 


0 


o. 

0 

O 

00 


Ui 

c 

N 

'55 


5 

o 


o 

> 

LU 


C 

0 

E 

0 

0 

0 

0 

0 

0 


■o 

0 

o 

0 

N 


<5 • 

T3 


0 

E 

o 

0 

O 

d> 




0 

0 

> 

■o 

c 

O) 

'55 

0 

“O 


a 
0 
a 

S- 5 

O 0 
<D c 

■o it E 

C d) <t- 

0 o 


w 


"O >1 

7" ft 


s i 

v a> 

• «o 

« « 
c ■* 

5 re 

? 5 | 

0 2 ® 

•- a 4^ 

$ ^ > 
0 (O w 

e 2 £ 

* & 8 

8 55 | 

a Q. t 

H 8 

0 0 o 

£ E ? 

_ 0 0 

O 
a. 

*o 
c 
0 

O 


— *t 
■— 

.<2 0 

S "2 

8 2 

o o> 

C A 

0 c = 

o ” JS 
it a 0 
0 .H c 

^ s: 


c 

0 

0 


0 

n 


0 

c 

o 


0 


Q. O 
O -Q 


"O 0 

■i 

0 Jr 

E £ 
0 — 
+■* (0 

0 o 
>» “ 

« >» 

1 C 
0 0 

t S 
0 ^ 
c 

’= 0 

i e 

$ £ 
•m 0 
0 > 
■3 0 

0 0 

0 O 
C •= 

.2 0 

0 T5 

s s 

c 0 

1 i 

s £ 
o * 


0 

1 i 

2 «i 

® > 

— £ 
<|> 0 

1 a 

M- 0 

o o 
0 m p 

m ® 

2 > 

g 0) 

<vJ — 

> £ 
TJ 0 

0 c 

* 2 
« o 
*■* ® 
s § 

* I 

■o £ 
0 — 
0 > 
c ^ 

2 2 

0 O 

0 £ 

1.1 

+* 0 

1 « 

T3 ■= 

<§ 5 


to 

I 

5 

£ 


CONCLUDING REMARKS 




Airframe/TPS - Aerothermodynamics 

Aerothermodynamics 
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Thermal Protection Operations 
System 

Airframe/TPS - Aerothermodynamics 

Aerothermodynamics Provides 
Critical - Path Information 




Airframe/TPS - Aerothermodynamics 

Aerothermodynamic Process 
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Airframe/TPS - Aerothermodynamics 

Aerothermodynamic Methodology 





Airframe/TPS - Aerothermodynamics 

Aerothermodynamic “Chain” 



Low Earth 
Orbit 











Airframe/TPS - Aerothermodynamics 

Testing Techniques 




Airframe/TPS - Aerothermodynamics 

Phosphor Thermography Process 






Forces and Moments 
























Boeing 
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Aerothermodynamic process 






Review of X-33 Hypersonic Aerodynamic and Aerothermodynamic 
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♦ 12:45 - 1 :00 Introduction 2nd Gen RLV Airframe S. Welch 
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